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Abstract. Double-spin asymmetries in the cross section of cloctroproduction of and <p nicsons on the 
proton and deuteron are measured at the HERMES experiment. The photoabsorption asymmetry in ex- 
clusive p° electroproduction on the proton exhibits a positive tendency. This is consistent with theoretical 
predictions that the exchange of an object with unnatural parity contributes to exclusive p° electropro- 
duction by transverse photons. The photoabsorption asymmetry on the deuteron is found to be consistent 
with zero. Double-spin asymmetries in and 4> meson electroproduction by quasi-real photons were also 
found to be consistent with zero; the asymmetry in the case of the (p meson is compatible with a theoretical 
prediction which involves ss knockout from the nucleon. 
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1 Introduction 



Traditionally, difTractive vector-meson production in lep- 
ton-nucleon interactions is described as a fluctuation of 
the virtual photon into a quark-antiquark pair that subse- 
quently forms a vector meson by scattering off the nucleon. 
For virtual photons with small negative four-momentum 
squared < 0.5 GeV^, the formation of the qq state is 
usually described in the framework of Vector Meson Dom- 
inance (VMD) ^TI, while at higher it is assumed to fol- 
low the scheme of Generalised Vector Meson Dominance 
(GVMD) In terms of Regge phenomenology |Sj, the 

interaction of the virtual vector state with the nucleon 
can be explained as an exchange of an intermediate ob- 
ject (Reggeon or Pomeron) in the t-channel of the reac- 
tion. For various vector mesons, different objects may be 
exchanged at different values of the invariant mass W of 
the photon- nucleon system. In principle both Reggeon and 
Pomeron exchange can contribute to p° production, while 
in the case of (j) production Reggeon-exchange amplitudes 
are expected to be strongly suppressed 

In the range covered by the HERMES experiment 
both longitudinal and transverse photons contribute to 
vector meson electroproduction 01321 ■ For longitudinal 
photons information about the exchanged object can be 
extracted through cross-section measurements For trans- 
verse photons this information is accessible through mea- 
surements of a double-spin asymmetry that arises in the 
cross section and is sensitive to the parity^ of the ex- 
changed object. No asymmetry can arise for longitudinal 
photons because their helicity is zero. 

In general, the photoabsorption asymmetry Ai describ- 
ing the spin dependence of the interaction between a trans- 

^ In principle, the parity of the object exchanged in vector- 
meson production can be also extracted from the full set of 
spin density matrix elements |6I7| . 



verse photon and a longitudinally polarised nucleon is de- 
fined as 

A, = ^IZI^^ . (1) 

cri/2 + 0'3/2 

Here ai/2 (3/2) stands for the transverse photoabsorption 
cross section where the subscript denotes the total helicity 
of the photon-nucleon system. This asymmetry can be ex- 
pressed in terms of the helicity amplitudes T^^^'^^^ , each of 
which receives contributions of both natural (P = (— l)"') 
and unnatural (P = — (— 1)'^) parities. Here J denotes the 
total angular momentum of the exchanged particle and 
X-y, Xv and Xn (Xn') indicate the helicity of the photon, 
vector meson and nucleon before (after) the interaction, 
respectively. In the approach of Ref. the asymmetry 
A^ arises from the interference between the parts of the 
transverse helicity amplitude with natural and un- 
natural parities. While a measurable asymmetry can arise 
even from a tiny contribution of the unnatural parity com- 
ponent, the latter may remain unmcasurable in the total 
cross section. A significant unnatural-parity contribution 
indicates the exchange of a di-quark or Reggeon. No asym- 
metry can be expected in the case of Pomeron exchange, 
since the Pomeron has natural parity. 

The photoabsorption asymmetries presented in this 
paper are extracted with the aim of studying the mech- 
anism of p° and production from transverse photons 
in the kinematic region covered by the HERMES exper- 
iment. Double-spin asymmetries for the production of p° 
and (j) mesons in lepton- nucleon scattering are presented, 
based on data obtained with a longitudinally polarised 
electron (positron) beam and longitudinally polarised hy- 
drogen and deuterium targets. Indication of a positive 
double-spin asymmetry in exclusive p*^ meson electropro- 
duction on the proton was reported previously in Ref. jlU| . 
This asymmetry is here re-evaluated using an improved 
data set and a new parameterisation of P, the ratio of 
longitudinal to transverse photoabsorption cross sections. 
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2 Experiment 

The HERMES experiment uses a target of polarised or un- 
polarised gas internal to the 27.5 GeV electron (positron) 
beam of the HERA storage ring at DESY. In 1996-1997 
(1998-2000) the polarised target was operated with atomic 
hydrogen (deuterium). The lepton beam is transversely 
self-polarised by the emission of synchrotron radiation jllj . 
The longitudinal polarisation at the interaction point is 
obtained by spin rotators located upstream and down- 
stream of the experiment. The beam polarisation is con- 
tinuously measured by two Compton polarimeters |12lli;-{| . 
The average beam polarisation for the proton (deuteron) 
data set was 0.55 (0.55) with a fractional systematic un- 
certainty of 3.4 (2.0)%. 

The target [H] was fed by an atomic beam source, 
whose principle of operation is based on Stern-Gerlach 
separation in conjunction with hyperfine transition units. 
The average value of the target polarisation for the pro- 
ton (deuteron) data set was 0.85 (0.85) with a fractional 
systematic uncertainty of 3.8 (3.5)%. 

The HERMES spectrometer is described in detail in 
Ref. ^j. Its angular acceptance in the laboratory frame 
spans the range 40 < \0y\ < 140 mrad and l^^;! < 170 
mrad, where 9x and 0y are the projections of the polar 
scattering angle into the horizontal and vertical planes. 
The tracking system has a momentum resolution of about 
1.5%. The angular resolution is about 1 mrad. Particle 
identification is accomplished by a lead-glass calorime- 
ter |16j . a preshower and a transition-radiation detector. 
Until 1998 the particle identification system was comple- 
mented by a gas threshold Cerenkov counter, which was 
then replaced by a dual-radiator ring-imaging Cerenkov 
detector (RICH), described in detail in Ref. 17 . Combin- 
ing the responses of these detectors in a likelihood method 
leads to an average electron (positron) identification effi- 
ciency of 98% with a hadron contamination less than 1%. 



3 Data analysis 
3.1 Kinematics 

At HERMES, a p*' or meson is observed through its de- 
cay into two pions or kaons, respectively. The kinematics 
of vector-meson production in lepton-nucleon scattering is 
described by Q^, W, the energy z/ of the virtual photon 
in the target rest frame and the four-momentum transfer 
to the target —t' = —(t — to), to being the minimum lon- 
gitudinal momentum transfer. The "exclusivity" variable 

~ — 2 Af jv " connects the mass of the target nucleon 
Mn with the mass of the undetected hadronic system Mx ■ 
Also in case of the deuteron all kinematic variables were 
calculated using the mass of the proton. The Bj0rken scal- 
ing variable is defined as a; = (5^/2z/Mjv- 

Two experimental topologies of vector-meson electro- 
production at HERMES are considered in the following. 
The first one is denoted as exclusive electroproduction. 
Here the scattered lepton is detected in the spectrome- 
ter acceptance together with the meson decay products. 
The kinematics of the undetected recoiling nucleon can 



be reconstructed using those of the meson decay products 
and of the scattered lepton. The exclusivity of the reac- 
tion is enforced by the requirement AE « 0. At HERMES 
it results in the following average values: ((5^)=1.8 GeV^, 
(VF)=4.9GeV, (a;)=0.07 and (-<')=0.15 GeV^. 

The second topology is electroproduction by quasi-real 
photons. At low values of the scattered lepton remains 
undetected in or close to the beam pipe and the event 
kinematics cannot be fully determined from the data. The 
variable AE cannot be reliably calculated and hence ex- 
clusivity cannot be enforced for events of this topology. 
Due to the dependence of the cross section, low-Q^ 
events dominate those where the lepton is undetectable. 
The average values of and x for these events have been 
determined from Monte Carlo data, generated with the 
PYTHIA event generator^ version 6.1 ^HI tuned for the 
kinematics of HERMES. The photon structure was de- 
fined according to Ref. IT^. Candidate events for p° (</>) 
meson electroproduction by quasi-real photons were se- 
lected requiring two accepted tracks belonging to oppo- 
sitely charged pions (kaons) having a (0) as a parent 
particle. The average values of and x for these Monte 
Carlo events were calculated from the kinematics of the 
scattered positron that escaped the detector acceptance, 
resulting in (Q2)^o.l3 (0.12) GeV^, (VF)=4.4 (4.2) GeV 
and (a;)=0.004 (0.006). 



3.2 Event selection 

The present analysis ^20' of double-spin asymmetries in 
and (j) meson production is based upon data collected 
in 1996-2000, using longitudinally polarised hydrogen and 
deuterium targets. Candidates for exclusive meson (</> 
meson) electroproduction were selected requiring exactly 
3 tracks in the detector acceptance, corresponding to the 
scattered lepton plus two oppositely charged pions (kaons). 
The vector- meson mass region was defined by the invariant 
mass constraint 0.6 < M^^ < 0.9 GeV (1.01 < Mkk < 
1.03 GeV). Cuts were applied on the exclusivity parame- 
ter AE < 0.6 GeV (AE < 1.0 GeV) and the momentum 
transfer to the target -t' < 0.4 GeV^ {-t' < 0.6 GeV^). 
Note that in the case of the deuteron both coherent and 
incoherent parts of the vector-meson production cross sec- 
tion contribute at —t' < 0.05 GeV^. The fraction of the 
events originating from coherent scattering is not negligi- 
ble; the ratio of coherent to incoherent cross sections was 
measured to be 0.160 ± 0.015. 

The photon energy was required to fall within 9 < 
< 22 GcV. The lower limit is introduced by the kine- 
matic relationship of v and AE, since at < 9 GeV non- 
exclusive events occur at AE < 3 GeV, degrading the 
separation from the exclusive events. The upper cut en- 
sures a high trigger efficiency. The VF-acceptance of the 
HERMES spectrometer for p° ^ tt+tt" {(f> ~> K+R-) is 
sharply reduced both below 4 GeV and above 6 GeV, and 
eliminates any contribution from the nucleon excitation 
region to {(j)) production. 

^ This generator was used for all Monte Carlo studies de- 
scribed in the paper except for the acceptance corrections. 
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Candidate events for p (0) electroproduction by quasi- 
real photons were selected by requiring two tracks belong- 
ing to oppositely charged pions (kaons) in the detector 
acceptance. The same invariant mass constraints as in the 
case of exclusive electroproduction were applied. 

For part of the data sample collected with the hydro- 
gen target, hadron separation was accomplished with the 
Cerenkov detector. The capability of this detector to iden- 
tify pions is limited to the momentum range p/i > 3.5 GeV, 
which leads to losses in statistics. Therefore the informa- 
tion of the Cerenkov detector was used only in the sample 
of electroproduction by quasi-real photons. In the data col- 
lected with the deuterium target, hadron separation with 
the RICH detector was used. Restrictions on hadron mo- 
menta were applied to provide efficient hadron identifica- 
tion EOI: Pif > 2 GeV, > 0.5 GeV. 



3.3 Extraction of double-spin asymmetries 

The formalism used here is described in more detail in 
Ref. Pni- The photoabsorption asymmetry was ex- 
tracted from the experimental lepton-nucleon asymmetry 
A|l measured using a longitudinally polarised lepton beam 
and target. These asymmetries are connected as follows: 

A = (2) 

Here D stands for the fraction of the beam polarisation 
carried by the photon and a/R represents the contribu- 
tion |10| from the asymmetry A2 arising from the in- 
terference between transverse and longitudinal photons, 
weighted by the small kinematic factor 77, where R is the 
ratio of longitudinal to transverse cross sections. The def- 
initions of these kinematic variables are given in Ref. 

In the calculation of asymmetries, background contri- 
butions have to be taken into account. Two main types 
of background can be distinguished: non-resonant back- 
ground from electroproduction of hadron pairs without 
formation of an intermediate vector-meson state, and non- 
exclusive background from vector-meson production with 
the target nucleon not remaining intact. 

The non-resonant background can be subtracted by 
a fit to the invariant mass distribution, performed sep- 
arately for each spin configuration of beam and target. 
The experimental asymmetry A™*^"* is then calculated as 

follows: 



A meas 
^11 



1 7V^L= 



PB ■ Pt N^L= 



(3) 



Here N^^^"^ are the numbers of vector mesons produced 
with parallel (antiparallcl) orientation of the nucleon he- 
licity with respect to the lepton helicity. They are deter- 
mined from the fitting procedure and are corrected here 

for the relative luminosity L^*^^). The polarisations of 
beam and target are denoted hy ps and px, respectively. 

The asymmetry Aij"^"" still includes non-exclusive back- 
ground events, which appear mostly at larger values of 
the exclusivity parameter AE. This type of background is 



formed mainly by events whose final state contains a prod- 
uct of the fragmentation process in deep inelastic scatter- 
ing (DIS), e.g. a hadron pair, a vector meson, or other 
particles decaying into them. It is statistically impracti- 
cal to fit the invariant mass distribution for each bin in 
AE, in order to subtract non-exclusive background from 
each spin-dependent yield N. Therefore its contribution 
is taken into account as a dilution of the experimental 
asymmetry AV, 



i meas . 



A excl 

^11 



1 



1 



(A 



meas 

II 



(4) 



Note that for electroproduction by quasi-real photons the 
non-exclusive background can not be subtracted since nei- 
ther the background asymmetry AJ|'^ nor the fraction r can 

be determined from the data'^. 



3.4 Treatment of backgrounds 

In the case of exclusive p*^ meson electroproduction, the 
pion pair invariant mass distribution was fitted with a 
relativistic p-wave Breit-Wigner function taking into ac- 
count the skewing of the p° mass peak using the model of 
Ref. 21 (cf. Fig.^l. The detector acceptance changes very 
little across the employed range in the invariant mass. 




M (GeV) 

Fig. 1. Subtraction of the non-resonant background. The in- 
variant mass distribution, shown here for exclusive (AE < 
0.6 GeV) electroproduction on the deuteron, is fitted with a 
Breit-Wigner shape using the mass skewing model of Ref. |21) 
(solid line). The dashed line indicates the Breit-Wigner func- 
tion, the dash-dotted line represents the non-resonant back- 
ground, and the dotted line shows the interference term. 



The distribution of the exclusivity parameter AE is 
shown in Fig. [3 The width of the exclusive peak is deter- 
mined by the detector resolution, resulting in 0.28 (0.38) 

^ From Monte Carlo data, the fraction of pure exclusive 
vector-meson electroproduction was obtained as 85%, proton 
break-up occurs in 12% of the cases and the remaining 3% 
originate from other processes. 
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GeV for the detector configuration in 1996-1997 (1998- 
2000). Therefore some non-exclusive events appear also 
under the exclusive peak. 



a> 800 
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5 10 15 

A E (GeV) 

Fig. 2. Subtraction of the non-exclusive background in elec- 
troproduction on the proton using a fit method. The AE dis- 
tribution still includes the non-resonant background. The ex- 
clusive peak (shaded) is fitted by a Gaussian plus a background 
function (dashed line, cf. Eq. @). The solid line represents the 
sum of the Gaussian and the background. 



The asymmetry of the non-exclusive background, 
was measured to be consistent with zero on both the pro- 
ton and deuteron in the range 0.6GeV< AE < 5 GeV. 
It is assumed that the asymmetry of non-exclusive events 
smeared into the exclusive region is the same. The frac- 
tion r of non-exclusive events in the exclusive region AE < 
0.6 GeV was estimated using a fit of an empirical function 
to the AE spectrum as shown in Fig. [5] A Gaussian distri- 
bution was used for the exclusive peak. The background 
was described by the function 



f{AE)=ao-{AE-ai) 



-a2\' AE—ai 



(5) 



where oq, ai and 02 are free parameters. This function is 
intended to account for all types of non-exclusive back- 
ground like double-dissociative diffraction, DIS and ra- 
diative tails. The part of the fitted background distribu- 
tion falling within the exclusive region AE < 0.6 GeV 
was taken as a measure of the non-exclusive background. 
The fraction of non-exclusive events was estimated to be 
r = 0.13 ± 0.01 ± 0.05 (0.15±0.01 ± 0.07) in the proton 
(deuteron) data set. The systematic uncertainty accounts 
for the range of background shapes that are compatible 
with the data, and is propagated into the systematic un- 
certainty of A^^'^K 

The spin-dependent yields in electroproduction were 
extracted in a way similar to those for production. Due 
to limited detector resolution the narrow invariant mass 
distribution of the kaon pair is widened with respect to 
its original shape. This effect was studied in Ref. us- 
ing Monte Carlo events which were tracked through the 
detector taking into account the efficiencies and the resolu- 
tions of the detector subsystems. The smeared (f) resonance 
peak in the invariant mass distribution of kaon pairs was 
described by a Gaussian (cf. Fig. 13 left panel). For the 




: 200 



100 




Fig. 3. Subtraction of the non-resonant background (left 
panel) and of the non-exclusive background (right panel) in (j) 
electroproduction on the deuteron. In the left panel the peak 
is fitted by a Gaussian (solid line) plus a background function 
(dashed line, cf. Eq. (|SJ). The solid and the dashed lines in the 
right panel have the same meaning as in Fig. H The shaded 
area indicates the exclusive region. 



background the empirical function 

f{MKK) = bo ■ {Mkk - MT^) ■ efiVA-/---A^J?F 



(6) 



was used, where 60 and 61 are free parameters and M]p|p 
denotes the threshold of the kaon-pair invariant mass dis- 
tribution, corresponding to the opening of phase space. 
The fraction r of non-exclusive events was estimated as 
described above for the case of production (cf. Fig. |21 
right panel) and was found to be r =0.28±0.03 ± 0.10 for 
both targets. 



3.5 Acceptance corrections 

The data on exclusive electroproduction were corrected for 
acceptance effects. The corrections were obtained using a 
multi-dimensional look-up table, calculated from Monte- 
Carlo data in bins of Q^, x, —t' and M^^r, to account for 
possible correlations between these variables. The Monte 
Carlo simulations for the acceptance studies were per- 
formed using a generator |22j based on the VMD model. 
The resulting acceptance correction factors were used as 
weights for every event depending on its kinematics. The 
effect of the acceptance correction manifested itself in a 
shift of at most 8% of the original mean value of the bin 
center in and x at which the asymmetry was evaluated. 
No shift in t' was observed. 



4 Results and Interpretation 

The photoabsorption asymmetries Ai for p*^ and electro- 
production by quasi-real photons were determined directly 
from ^4™*^°* using Eq. Q . In the case of exclusive electro- 
production the data were additionally corrected for non- 
exclusive background using Eq. i.e. the photoabsorp- 



tion asymmetries Ai were calculated from A^^'^K The ra- 
tio R was extracted from the elements of the spin-density 
matrix for vector mesons produced at HERMES |22ll23j . 
The resulting values of Ai averaged over the kinematics 
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for both the proton and deuteron are listed in Table ^ 
together with the numbers of p° and mesons used in the 
analysis. For exclusive electroproduction of p'^ mesons, the 
asymmetries Ai were calculated in several bins of x, 
and t' . In Table |21 the asymmetry values are shown in de- 
pendence on each of the three kinematic variables while 
averaging over the other two. All asymmetries were found 
to be consistent with zero within experimental uncertain- 
ties, possibly apart from the asymmetry in exclusive elec- 
troproduction of p'^ mesons on the proton. In accordance 
with an earlier HERMES result ^O], the latter was found 
to have a positive value, 1.7 a away from zero. 





proton 


deuteron 


Exclusive electroproduction 


A? 


0.23 ± 0.14±0.02 


-0.040 ± 0.076±0.013 


Af 


0.20±0.45±0.03 


0.17±0.27±0.02 


N" 


1774 


6505 


N't" 


219 


618 


Electroproduction by quasi-real photons 




0.0057 ± 0.0093±0.0004 


-0.0039 ± 0.0029±0.0003 


Af 


0.052 ± 0.084±0.003 


0.018 ± 0.028±0.001 


N" 


423 X 10^ 


4013 X 10^ 


N't" 


7.6 X 10^ 


57 X 10^ 



Table 1. Photoabsorption asymmetries in vector-meson elec- 
troproduction and the numbers of p'^ and 4> mesons used in 
this analysis. The statistical and systematic uncertainties of 
the asymmetries are given. 





(D) 




A? 












ix) 






0.48 


0.029 


0.20 ± 0.20 


-0.13 ± 0.10 


0.057 


0.34 


0.055 


0.28 ± 0.26 


0.07 ± 0.14 


0.105 


0.28 


0.098 


0.30 ± 0.34 


0.09 ± 0.18 


(O'') GeV^ 




0.84 


0.42 


0.037 


0.17 ± 0.19 


-0.03 ± 0.10 


1.44 


0.34 


0.062 


0.23 ± 0.26 


-0.16 ± 0.14 


3.01 


0.31 


0.099 


0.51 ± 0.36 


0.19 ± 0.20 


i-t'), GeY' 




0.018 


0.36 


0.059 


0.36 ± 0.30 


-0.09 ± 0.15 


0.065 


0.37 


0.059 


0.16 ± 0.30 


-0.05 ± 0.15 


0.138 


0.36 


0.062 


0.11 ± 0.31 


-0.11 ± 0.16 


0.302 


0.36 


0.063 


0.46 ± 0.30 


0.17 ± 0.16 



Table 2. Measured values of the photoabsorption asymmetry 
A^, shown for various values of each of three kinematic vari- 
ables while averaging over the other two. Total uncertainties 
are given. 
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The statistical uncertainties of the extracted numbers 
of vector mesons per helicity state and of the fraction and 
asymmetry of the non-resonant background were propa- 
gated into the statistical uncertainty of the asymmetry 
A| I . The systematic uncertainties from the measurements 
of of beam and target polarisation and the uncer- 

tainty from the parameterisation of R (cf. Eq. (O) were 
combined to form the experimental systematic uncertain- 
ties to the asymmetry measurements. The systematic un- 
certainties are found to be considerably smaller than the 
statistical ones. 

The x-dependence of the photoabsorption asymmetry 
in exclusive electroproduction is shown in Fig. 0] 
for both the proton and deuteron. This measurement is 
compared to the expectation of Refs. 9,10 that is based 
on a relation between the double-spin asymmetries in 
exclusive p^ electroproduction and A^ in inclusive DIS: 



2A{ 



N 



1 + «)2 



(7) 



Using the HERMES measurements [23 of inclusive DIS 
asymmetries A^ , values for the expected asymmetries Ai 
were calculated from Eq. The measured asymmetries 
were found to be consistent with this expectation for both 
the proton and deuteron. 

The dependences of A^ on the momentum transfer — t' 
and are respectively shown in Fig.[Sland Fig.|Blfor both 
the proton and deuteron. They are compared to theoret- 
ical predictions calculated recently in the framework of 




Fig 
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The a;-dependence of the asymmetry A^ in exclu- 
p" meson electroproduction on the proton (top) and 
deuteron (bottom). The data are compared to the expecta- 
tions of Refs. |9I10I expressed by Eq. (|7|l, as indicated by the 
shaded bands. The error bars represent the total uncertainties 
obtained by adding statistical and systematic uncertainties in 
quadrature. 



the Regge model [^Hl- In this approach the parameters of 
the Reggeons exchanges contributing to meson electro- 
production on the nucleon were extracted from fits to the 
nucleon structure functions and . These parameters 
were subsequently used to calculate the p° electroproduc- 
tion amplitudes with natural and unnatural parities. Size- 
able double-spin asymmetries are predicted for exclusive 
electroproduction on both proton and deuteron. While the 
predicted values are consistent with the measured ones on 
the proton, they are larger in the case of the deuteron. 

The double-spin asymmetries in p° electroproduction 
by quasi- real photons are also shown in Fig. at the cor- 
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Fig. 5. The — t'-dependence of the asymmetry in exclusive 
meson electroproduction on the proton (top) and deuteron 
(bottom). Error bars have the same meaning as in Fig. 2] The 
shaded areas represent the range allowed for the theoretical 
predictions of Ref. 



□ ■ proton 



■Q- 



2.5 3 

(GeV^) 



O • deuteron 



(GeV^) 

Fig. 6. The Q^-dependence of the asymmetry in exclusive 
electroproduction (closed symbols) and electroproduction by 
quasi-real photons (open symbols) on the proton (top) and 
deuteron (bottom). The error bars have the same meaning as 
in Fig. 3] The uncertainties of the data from electroproduction 
by quasi-real photons are covered by the symbols. The shaded 
areas represent the range allowed for the theoretical predictions 

of Ref. Eg. 

respondingly low value of Q^. They are consistent vi^ith 
zero for both the proton and deuteron. 

Lcpton-nuclcon asymmetries in p'^ electroproduction 
by quasi-real photons were measured over a range of val- 
ues of meson energy and transverse momentum calcu- 
lated with respect to the beam direction. As can be seen 
in Fig. Ul no trend was observed in any of these variables. 
Note that, as was already mentioned above, for electropro- 
duction by quasi-real photons it is not possible to impose 
the requirement of exclusivity. 

Double-spin asymmetries in exclusive p*' meson elec- 
troproduction on the proton and deuteron were measured 



• proton 



K K h h 



O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

p, f (GeV) 



• proton 



8 9 10 11 12 13 14 15 16 

Ef (GeV) 

Fig. 7. The dependence on the transverse momentum (top), 
calculated with respect to the beam direction, and energy of 
the (bottom) of the asymmetry in p" electroproduc- 
tion by quasi-real photons on the proton (circles) and deuteron 
(squares). The proton data are slightly shifted to the left for 
clearer representation. Error bars have the same meaning as in 
FigH 

at SMC at (W^) = 15GeV. In this region Pomcron ex- 
change is thought to dominate vector-meson produc- 
tion. In Ref. 1211 the asymmetries were found to be con- 
sistent with zero for both the proton and deuteron in 
the region 0.01 < < 5GeV^, and slightly negative at 

^10 GeV^. This supports the expectation that Pomeron 
exchange is dominant at higher energies. In contrast, the 
tendency for a non-zero double-spin asymmetry found on 
the proton at HERMES energy suggests a significant con- 
tribution of the exchange of Reggeons or di-quark objects 
to the transverse part of exclusive p° electroproduction. 
The asymmetry on the deuteron was measured to be con- 
sistent with zero. As unnatural parity exchange need not 
necessarily produce a non-zero asymmetry on all targets, 
this does not contradict the conclusion based on that re- 
sult from the proton target. 

In the case of (f> meson electroproduction, the pho- 
toabsorption asymmetries are found to be consistent with 
zero in both event topologies considered here. A theoret- 
ical prediction exists for the case of electroproduction by 
quasi-real photons. It implies sensitivity of the asymmetry 
to the strangeness content of the nucleon through inter- 
ference of ss knockout with the diffractive VMD ampli- 
tude. In kinematic conditions {{W) = 4.2 GeV, (Q^) ~ 0) 
similar to those of HERMES, and assuming the strange- 
ness probability for the proton is Pgs = 0.01, the pre- 
dicted asymmetry |27j at —t'—O ranges between -0.05 and 
+0.03, while for -^'=0.5 GeV^ the range is -0.06 to -1-0.15, 
depending on the unknown relative phase of the ampli- 
tudes. The experimental result is compatible with zero 
strangeness content, but favours a negative phase 6ss if 
the strangeness is non-zero as assumed. 



5 Summary 

Double-spin asymmetries in the cross section of and 
(f) electroproduction were measured by scattering longitu- 
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dinally polarised leptons off longitudinally polarised hy- 
drogen and deuterium targets at HERMES. The analy- 
sis was performed for two different event topologies: ex- 
clusive electroproduction, and electroproduction by quasi- 
real photons without the requirement of exclusivity. 

The statistically weak evidence of a non-zero double- 
spin asymmetry in exclusive meson electroproduction 
on the proton, as reported in Ref. 10 , is also seen with 
the improved data set and analysis scheme. This suggests a 
contribution of unnatural-parity exchange to exclusive p"^ 
electroproduction by transverse photons at HERMES en- 
ergies. An essentially flat dependence of the proton asym- 
metry on t' is again observed, consistent with a prediction 
based on the description of the nucleon structure functions 
in the framework of the Regge model j25| . 

The same double-spin asymmetry measured on the 
deuteron is found to be consistent with zero, which dis- 
agrees with the prediction of Ref. 25 . The observed dif- 
ference between the asymmetries measured on the proton 
and deuteron is consistent, however, with the expectation 
of Refs. which relates the asymmetries in pro- 

duction to those in inclusive DIS. 

The tendency towards a non-zero asymmetry found in 
exclusive electroproduction on the proton at HERMES, 
where quark exchange is expected to contribute substan- 
tially |H|, can be reconciled with the zero asymmetry mea- 
sured at the higher energy of the SMC experiment, where 
Pomeron exchange dominates and therefore no asymme- 
try in production is expected. 

The double-spin asymmetry in electroproduction by 
quasi-real photons was found to be consistent with zero. 

The measured asymmetries for <j) mesons are consistent 
with zero within experimental uncertainties, both in ex- 
clusive electroproduction and electroproduction by quasi- 
real photons. This is consistent with the expected domi- 
nance of Pomeron exchange in (j) electroproduction, and, in 
the case of electroproduction by quasi-real photons, with 
a theoretical prediction j27| which involves ss knockout 
from the nucleon. 
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